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This is the first such report and covers a thermoelectric generator 
of electrical power for a small radio receiver in which the source of 
energy is derived from a kerosene lamp. 



report/ will only , 

cover operational and technical tests. 

The lamp generator is not an important item for American exploitation, 
and in fact, is a somewhat old development in the U.S.S.R. too. However, 
a technical report on it serves the purpose of familiarising prospective 

clients with the characteristics of semiconductor thermoelectric elements, 

’ 0 « ’ ■ ; ’ 

which are of more general economic importance. 
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imoKJCTION 

A type T3gK2-2 thenaoelectrio generator kerosene lamp was procured 
at the GUM Department Store in Moscow, U.S.S.R., during a visit in 
September 195o, a photograph of the generator is shown as fig* 1. It 
consists of a kerosene lamp bowl and wick, a lamp globe, the finned thermo- 
electric generator proper, and a metallic chimney to carry off the hot 
gas oombustion products. 

The lamp globe confines and channels the oombustion products through 
a central cylindrical cored tt heat source" for the generator. After passage 
through this heat core, the combustion products pass through the chimney. 

A top view photograph of the generator is shown in Fig. 2. 

A cut-away, approximate artist's visualisation of the structure is 
shown as Fig. 3. One may note that the basic structure is a heat diffusion 
core which acts as a high temperature source for a thermopile of semi- 
conductor elements; the thermopile Itself; a composite structure of fins 
which oreates the low "ambient" temperature sink; and two annular plate 
structures required for mechanical load bearing. The two plates act as 
heat shunts, and an attempt is made to minimize their shunt loss. The 
thermopile appears to be grouped as fourteen sets of bars with one pair 
of aluminum fins per set. Asbestos and mica are used for heat and elee- 
trloal insulation respectively. 

A. F. Ioffe, Director of the Institute for Semiconductors of the 
U.S.S.R. Academy of Soiences, makes the following statements about thermo- 
electric generators in Ms book, "Semiconductor Thermoelements and 
Thermoelectric Cooling," (Infosearch Ltd., 1957 ) J 
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K ,,,. shows,,,,, a kerosene 1 amp manufactured in the 
Vhe inside of the tube is heated by the hot combustion gases and 
the outside is cooled with the aid of a set of radiators. The 
temperature difference created in this way amounts to 230-300° C,; 
this gives a few watts of electric energy for feeding a radio 
receiver set* •••••• snows a wore powerful battery rated at 13-20 

watts which is mounted on a kerosene burner and used to feed radio 
transmitters used in agricultural work. Thermoelectric batteries 
are used in tractors in place of dynamos, 

/•tore powerful generators with capacities of 200 and 300 watts 
are also being manufactured. These generators use all types of 
fuels (firewood or petrol) and are intended for the North, A 
furnace generating 200 watts consumes approximately 2 kilograms 
of firewood per hour.* 


It must be dear from this and other material that what is being 


indicated is thermoelectric conversion from heat to electricity at 
levels of at most a few per cent. Of all such, developments, the lamp 


being reported on here is the oldest and crudest production example, 
tfe have taken the trouble to characterise its performance because such 


characterisation is a typical introduction to this class of such devices, 
Tiie lamp is thus basically e. low-efficiency generator of electric 
power for a radio. In particular, the instruction booklet furnished with 
the lamp indicates the terminal outputs shown in tig* 4, The lamp fur- 
nishes an independent A supply of 1,2 voltsj and a second supply of 99 
volts, tapped to furnish a t+ supply of 90 voltsj and a negative C bias 
of 9 volts. 


Normal operation of this particular lamp using the kerosene heat 


supply, turned up full, provides 69 volts 34- supply, 0,9 volts C supply, 
2,6 volts A supply for no external load condition, Experimental condi- 


tions were chosen to approximately match this situation hut to not exceed 


it seriously. 


> V\ ' f \ . 

Ito determination of maximum safe output was made, nor of 


the factors on which this limit aepends. 
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Useful evaluation of the thermoelectric converter requires calori- 
metric techniques; it was preferable that it be matte using at), electric 
energy input, ratiier than the kerosene heat of combustion input, thus 
input heading was accomplished by 'the use of six quarts tube laboratory 
heaters (nichro.ue resistance - 12? watt nominal rating) inserted, into the 
channels of the heat diffuser core and packed in place with «0 mesh 
aluntnua granular powder, The heaters were parallel fed Iron an uuto- 
iransforaer. ihe power was monitored by a wattmeter, tic*® of the details 
of the test setup .nay be noted by reference to Fig* 6, 

fhe system as a whole was isolated as follows* She heat core was 
a, d ally insulated by machined blocks of asbestos "board, the lower net of 
blocks serving as the support stand for the generator, .the cold sink was 
cooled by series-connected, water-cooled copper tubes ianualled in the 
fin clamp channels. The l/o-4nch Q'D copper tube lay in seven "tf»~ohaped 
sections, one leg of which was threaded through one cold junction damp 
with low melting solder (47 °C. .up,) cast into place around it, 
Appropriataly-alaed plastic tubin' served to feed anu connect the copper 
tube sections, water for cooling was obtained by regulating the flow 
rate and temperature of water from the cold tap supply, The water was 
warmed to very nearly room temperature. Kittens of asbestos paper were 
slipped over the cooling fins so as ‘bo minimise heat exchange* The cold 
junction was operated close to room temperature, also, to keep heat 
exchange low. Cooling water coifing out of the generator was run into u 
measuring graduate to determine the flow rate and temperature. 
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Um ooppar-oonstantan (28 gauge) thermocouples eonneoted to an loo 
bath aero reference vara uaad to measure generator haat aouroa and oold 
•ink teoq>eratures. Cold sink temperatures vara measured against tha 
aluminum aooling fins, with tha thermocouple buried in tha east, lav 
mal tin g alloy, at tha vater-cooling inlat, midway fin, and ontlat fin. 
Haat aouroa temperatures vara obtained from thermo oouples praaaad into 
holes drilled into tha haat diffusion eore, located as shown in Fig. 5. 

Figure 6 is a photograph of tha teat setup. 
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a) Effective thermal conductance of the generator 


It is of utility to characterise the effective thermal oonduotanoe 
of the generator. The data shown in Table 1 permits this estimate. In 
Table 1 are the input wattage, the lowest temperature measured in the heat 
core, and the highest temperature measured in the root of the fins. These 
measurements permit one to assess the nominal oonduotanoe that might be 
charged to the thermopile (i.e., thermoelements plus thermal resistance 
of electrical real stance plus a small conducting segment plus resistance 
into the fins, minus shunting resistance). 

TABLE 1 

Bominal Thermal Conductance of Generator 



Input Power 
Nominal "True" 
watts 

Temperature at 

Heat Source Cold Sink 

°C. ? C. 

Temperature 

Drop 

Conductance 

watta/°C, 

350 

325 

306 

33.0 

273.0 

1.19 

300 

279 

254 

31.5 

222.5 

1.25 

200 

186 

184 

28.0 

156.0 

1.19 

100 

93 

97 

20.5 

76.5 

Average 

1.22 

1,21 


From its nominal cylindrical dimensions, the conductivity, k, of an 
equivalent homogeneous cylinder would be 


K 


, Z Iniiik 

AT c /r h 


k m s conductivity 

dl * outer diameter (s 4 3/4 inches) 
d 2 ■ inner diameter* (s 2 inches) 
h • cylinder height (a 5 inches) 


k 0.026 watts/om. °C. 
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Zt tif be Mt«d that this conductivity lies la the rang* batman 
the good thermal insulators and tho good thermal conductors; i*e*, in a 
rang* that may bo esaaciatad with tho semiconductors. 


b) Output olrouit ehereetcristios 

With a oonataat input boating power maintained, tho voltage-eurrent- 
external addod roaistanoo eheraotsrlatie was aoaaurod at oaoh of four 
input povaro (and thoroforo corresponding temperature drops)* Tho axtomal 
meaeuring oirouit is shown in Fig* 7* Tho data thus obtainad ara shown 
in Tabla 2* 

Since tho measurements wars aado on a sonowfaat crude basis, it was 
doairablo that naasurad valuta bo analytically refined to sene extent* 

(A) Plate supply circuit 

Independent terminal voltage, current, and external added resistance 
aoasureaonts were made* Their self-consist ency was first cheeked by 
noting the self "Consistency with which one could estimate the voltmeter 
real stones, demoted as &*> by tho relation} 

1/S* • I/V - 1/S, 


In eelumn 6, are the estimates of l/Sv* It may be noted that a reasonable 
estimate of about 0*000019 ohms** 1 is obtained (with an average deviation 
of about 5 per sent)* This corresponds to about $2,000 ohms (or about 
500 ohms per volt), which cheeks the nominal stated and naasurad charac- 
teristics of the mater. 
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TABU 2 


A, Plata and bias olreuits in series 




EXPERIMENT NO. 

I - 350 watt input 




Rx 

V 

I l/V 

1 / B * 

1 /Ry 

l/R 

V 

I 






Corrected Values 

ohms 

volts 

amps 




volts 

amps 

150 

7,5 

.053 

,0066? 


.0069 

7.94 

.053 

200 

10 

.0495 

,005 


.00502 

9.85 

.0495 

400 

17.8 

.045 

.0025 

- 

.00252 

17,8 

.045 

800 

29.8 

.0378 .00127 

.00125 

.00002 

,00127 

29.b 

,0378 

1000 

34.3 

,035 .00102 

,00100 

.00002 

,00102 

34.3 

.035 

1200 

38.5 

,0328 .000851 

,000833 

,000018 

,000852 

38,5 

.0328 

1400 

42 

.0308 .000734 

.000715 

.000019 

,000734 

42.0 

.0308 

1500 

43.8 

.0298 .000681 

.000667 

.000014 

.000686 

43.6 

.0299 

1600 

45 

.029 .000645 

.000625 

,000020 

.000644 

45.0 

.0290 

1700 

46.5 

.0281 .000604 

.000588 

.000016 

.000607 

46.4 

.02815 

1800 

48.1 

.0273 .000568 

.000555 

.000013 

.000574 

47.8 

.0274 

1900 

49 

.0268 .000547 

,000526 

.000021 

.000545 

49.1 

.0267 

2000 

51 

.0261 .000520 

.000500 

.000020 

.000519 

50.6 

.0262 

3000 

60 

.0211 .000352 

.000333 

.000019 

.000352 

60 

,0211 

4000 

66 

.0178 .000270 

.000250 

.000020 

.000269 

66.0 

.0178 

6000 

73 

.0138 .000189 

.000167 

.000022 

.000186 

73.5 

.0137 

8000 

77.8 

.0112 .000144 

.000125 

.000019 

.000144 

77.8 

.0112 

10,000 

81 

.0099 .000122 

.000100 

.000022 

.000119 

82 

.0098 


94 

.0021 .0000224 


•* 

.000022 

94 

.0021 



EXPERIMENT NO. 

II - 300 watt input 




400 

14 

.0360 

.0025 

«N» 

.00252 

14.2 

.0358 

800 

23.5 

.0305 

.00125 

- 

.00127 

23.8 

.0302 

1000 

27.5 

.0282 

.001 

- 

.00102 

27.6 

.0282 

1200 

30.5 

.0265 

.000833 

- 

.000852 

30.8 

.0262 

1400 

33.8 

.0248 .000733 

.000714 

.000019 

.000734 

33.8 

.0248 

1500 

34.8 

.0240 .000690 

.000667 

.000023 

.000686 

34.9 

.0239 

1600 

36.1 

.0234 .000648 

.000625 

.000023 

.000644 

36.2 

.0233 

1700 

37.2 

.0228 .000612 

.000588 

.000024 

.000607 

37.3 

.0227 

1800 

38.8 

.0221 .000570 

.000555 

.000015 

.000574 

38.7 

.0222 

1900 

40.0 

.0216 .000539 

.000526 

.000013 

.000545 

39.8 

.0217 

2000 

40.6 

.0212 .000522 

.0005 

.000022 

.000519 

40.6 

.0211 

3000 

43. 5 

.0171 .000353 

.000333 

.000020 

.000352 

48.5 

.0171 

4000 

53.5 

•0145 .000271 

.000250 

.000021 

.000269 

53.6 

.0144 

6000 

59 

.0112 .000190 

.000167 

.000023 

.000186 

59.5 

.0111 

8000 

63 

.0092 .000146 

.000125 

.000021 

.000144 

63.5 

.00915 

10,000 

65.1 

.008 .000123 

.000100 

.000021 

.000119 

65.1 

.0078 


76.1 

.00175 

- 

- 

.000023 

76.1 

.00175 
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XABLE 2 


A. Plate and bias circuits in series 


EAPERIKENI 10. Ill - 200 watt input 



V 

I 

l/¥ 

Vs* 

1/K V 

l/h 

V 

I 





Corrected Values 

ohms 

volts 

amps 





volts 

amps 

300 

7.2 

.0249 

** 

.00333 

*» 

.00335 

7.4 

.0247 

400 

9.5 

.0238 

*** 

.00250 


.00252 

9.5 

.023“ 

600 

16 

.0203 

- 

.00125 


.00127 

16.0 

.0203 

1000 

19.5 

.0190 


.00100 


.00102 

19.0 

.0194 

1200 

22 

.0178 

- 

.000833 

- 

.000852 

21.5 

.0183 

1400 

24 

.0168 

M 

.000715 

** 

.000734 

23.5 

.0172 

1500 

25.1 

.0164 


.00066? 

**• 

.000686 

24.5 

.0168 

1600 

26,0 

.0160 


.000625 


.000644 

25.5 

.0164 

1700 

26.8 

.0155 


.000588 


.000607 

26.2 

.0159 

1800 

27.1 

.0151 

- 

.000555 

- 

.000574 

26.7 

.0153 

1900 

27.8 

.0148 


.000526 

- 

.000545 

27.5 

.0150 

2000 

28.8 

.0143 

- 

.000500 

- 

.000519 

28.1 

.0146 

3000 

34 

.0116 

- 

.000333 

- 

.000352 

33.5 

.0118 

4000 

37. 

.0099 

.000267 

.000250 

.000017 

.000269 

36.8 

.0099 

6000 

42 

.0076 

.000181 

.000167 

.000014 

.000186 

41.5 

.0077 

8000 

44 

.0063 

.000143 

.000125 

.000018 

.000144 

43.8 

.0063 

10,000 

45 

.0055 

,000122 

.000100 

.000022 

.000119 

45.6 

.00545 

- 

53.5 

.0010 

- 

- 

■*» 

.000019 

53.5 

.0010 


EXFStIKENX NO. I? - 100 watt input 


300 

3.0 

.0121 

.00333 

- 

.00335 

3.6 

.0121 

700 

6.5 

.0110 

.00143 

- 

.00145 

7.5 

.0109 

1000 

8.5 

.0094 

.00100 

- 

.00102 

9.0 

.0092 

1500 

11.0 

.0080 

.00066? 


.000686 

11.5 

.0079 

2000 

13.0 

.0070 

.000500 

- 

.000519 

13.3 

.0069 

3000 

15.5 

.0055 .000354 

.000333 

.000021 

.000352 

15.5 

.0055 

4000 

17.0 

.0046 .000269 

.000250 

.000019 

.000269 

17.0 

.0046 

5000 

18.1 

.0039 .000215 

.000200 

.000015 

.000220 

18.0 

.0039 

6000 

19.0 

.0035 .000182 

.000167 

.000015 

.000186 

19.0 

.0035 

7000 

19.5 

.0031 .000156 

.000143 

.000013 

.000162 

19.3 

.0031 

8000 

20.0 

.0026 

.000125 

- 

.000144 

20.0 

.0027 

10,000 

20.9 

.0023 

.000100 

- 

.000119 

20.6 

.0024 

20,000 

21.9 

.0012 

.000050 

- 

.000069 

21.6 

.0015 

- 

24.5 

.0001 


- 

.000019 

24.5 

.0005 


Average 


0.000019 
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B. ftlaasat oircait 










ixnaiMR SO. X - 

350 vstt inpat 





V 

? 

X 

XA 

K 

* 

▼ 

I 








Osnraatad Talas* 



•hu 

volts 

saps 

■tea 

obu 

SfcfraMi 

wits 

saps 



0 

0.45 

•74 

1.448 

»4l 

•44 

.37 

.77 



1 

0.85 

.578 

•680 

.47 

-1*43 

.85 

.575 



2 

108 

.470 

.398 

.52 

2.48 

1.17 

.472 \ 



3 

1.35 

.400 

•*7V» 

.40 

3.46 

urn 

*398 



4 

1.51 

.349 

•2312 

.37 

4.43 

1.53 

.345 


• 

4 

1.72 

.275 

•160 

.34 

6.40 

1.74 

.272 


ft 

1.85 

.220 

.119 

.55 

8w38 

1.85 

021 



9 

1.90 

.210 

•1106 

.21 

9.32 

1.93 

am 



10 

1.95 

.190 

.0974 

•50 

10.27 

1.95 

a9o 



30 

2.25 

.080 

•0355 


28.76 

2.27 

•0794 



30 

2.32 

.055 

.0237 

- 

45.8 

2.33 

.051 



100 

2.38 

.030 

.0124 


83.4 

2.38 

•0286 




2.42 


• 


510 

2.42 

•00474 





SX7SHHBT SO. XX 

- 300 vatt input 





0 

.38 

.58 

1.527 

.65 

.48 

.29 

•61 



1 

.72 

.460 

.639 

.57 

1.48 

.69 

•467 



2 

.95 

.358 

.377 

.67 

2.48 

.92 

.370 



3 

1.15 

.295 

•2566 

.92 

3.46 

1.11 

.318 



4 

1.21 

.273 

.2276 

.44 

44U3 

1.22 

.275 



6 

1.34 

•216 

•1588 

.38 

6.40 

1.37 

.214 



8 

1.48 

.178 

.1204 

.45 

8.38 

1.485 

*1775 



9 

1.52 

•142 

.1066 

.54 

9.32 

1.51 

•162 



10 

1.55 

.155 

•100 

.20 

10.27 

1.56 

.1515 



30 

1.81 

.065 

.0359 

- 

28.76 

1.81 

•063 



50 

1.85 

.040 

.0216 


45.8 

1.86 

•0406 



100 

1.90 

.022 

.0116 

m 

83.4 

1.91 

.0229 


• 


1.95 


AT 

- a. 

Ar\ r— *■ 

510 

1.95 

.0038 
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TABLE 2 


B. lilumt airault 


OWNBI BO. HI - 200 vitt input 


*1 

▼ 

X 

1/1 

2a 

E 7 I 

OtirMtad Valuta 


volta 

aapa 

■boa 

ohms 

ohaa 

volta 


0 

•25 

. 408 

1*433 

.412 

•48 

.20 

•414 

l 

.50 

•320 

.44 

.57 

1.48 

•48 

•324 

2 

.48 

.240 

.354 

.sa 

2.48 

.42 

.25 

y 

•75 

•21 

•280 

.575 

3*44 

.74 

.214 

4 

.82 

•19 

•232 

.595 

4*43 

.83 

.188 

4 

•02 

.15 

•143 

.21 

4.40 

.94 

•147 

8 

1.00 

•124 

•124 

.20 

8.38 

1.02 

•122 


1.05 

.11 

.105 

.71 

9.32 

1*04 

.112 

10 

1«05 

.108 

•103 

«■» 

10.27 

1.08 

•105 

30 

1.21 

•04 

•0331 

- 

28.74 

1.20 

*0414 

50 

1.25 

.03 

•0240 

a* 

45.8 

1.24 

.0275 

100 

1.30 

.02 

•0154 

- 

83.4 

1.30 

.0157 


1.32 

»- 

- 

- 

a. 510 

1.32 

.00244 




EXfSBXMHT 10. XV - 

100 watt input 



0 

.08 

.142 

2.025 

.495 

.48 

.078 

.142 

1 

.17 

•128 

.7525 

.332 

1.48 

.19 

.128 

2 

.25 

•104 

.424 

.371 

2.48 

•24 

•105 

3 

.29 

.082 

.2825 

•544 

3.44 

.287 

.083 

7 

•34 

.047 

.1382 

.23 

7.40 

.345 

.0444 

10 

.38 

.0375 

•102 

- 

10.27 

.385 

.0375 

30 

.5 

•0148 

.0334 

mm 

28.74 

.475 

•0145 

70 

•47 

.0073 

•01555 

- 

41.9 

.482 

.0078 

100 

.50 

.00545 

•0109 


83.4 

.492 

•0059 


.58 

- 

• 

- 0. 

510 

.58 

•00113 


Araraga 

ous 
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ta to spool fy tha •« tool 


- 12 - 

It la than possibla to aorroot tha 
load plsao d oa tha ganarotor, fori 

-L = i- r J. 

R R x r R v 

Tbo trao oxtamal load* aharaatorisod aa 2 /B, ia glraa la solum 7* 
for aoloaaa 8 and 9, tha onrors la tha a saaw rod raluoa of Y and I 
art split op ba tvaaa tha voltago aaaauraaant and tha ourrant aaaauraaant 
to rafloo as aatlaata of Y and I, oa tha baala of &, vhiah la now taksa 
aa bslng aorroot* fhoao raflaod ostlaatos ore shown la aoluans 8 and 9* 

(B) Hlaaont otraalt 

for tha fll—ant aircuit aaaauraaant, wiring roalataaoo ugr not bo 
aagloatod. Thas It ls noooaasrjr to uao tha ralatloni 

r .. x 4. / 

V ' Av + R^rRu 

Woaauraaaat of tha aatar roalatanao gava 

By a 510 ohaa 

thus By was astiaatad, for aalf-aanalatOBsgr, from 


Pv 






A\/ - Vft, 


R. 


Ia aolaan 5 aro tha oatiaatoa of By* It aajr ho aatod that aa approxlaato 
aatlaata of 0*48 ohaa la obtalaod* 

It la than poaslbls to oorroat tha aoaam p o a a nt s to spaalfy tha aotaal 
load plaood oa tha genarator, for 


p. Rv (fetU 

' x R v rR^i-R x 


, R* ±M ~ 

1 + Rx/5Z0 

W.RFT 
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£ 

tfato 1« atom in — Imn 6. 

9m —In— t — j •» tto «wt» la tto in nhn to V — * X 

— Cl— tto • to f Ml I. 

Of* < to My — tot to — Ita— — — — i— in. tototog 

pwtotott U to ton to m fi-tti wgM U Mi mm* yrtow i tf to 

T.B-Xr 

V a linlgil h1|m| {nlHM j) 

y « ItowA nip — — — 

» » p— to — tup 

IMF' — | BhP MHVfeMF m—UlnM— 

▼ s* — x <*♦**) 

to to to toU bob ton t— tt— to to toOUmi 
tto <— I— — It ip , l»nlto —to t — — — » r, mil — 
to—tol y toptos *to— 8— of —ft, It to —to— ti^wton (l.a, 

— — r). to ton ItoU, — —ft, X, tj—iimliiii am, 

* v \ 

9 — r 0 

*o ■ — l—tf — Atop (to* to— i to) 

toft — toto f—tol— to toft fl—nr 

—Ml— to »— y oft—to* to n — » to— — toll tort— lly tor ft— toft to— 

to —to— to B» —A r # » !!§• to —d to a— plato «ff t —to— X (mtmm 

0 8 to 9) to to ftoto -to» — d -1— ?•—« !—«— in— «— r)* 
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XkMTb» 


U.O., tte 











IIi m Wi it tell te mem iwirwHw to aaSjr aaM an te fta> ten 


tin Mi lnl 





mUten tete 




ten ate Mtelte of tela «aa3pten (of VS*. 8) it 



(ntetij o n nHin of Ml «tea ten ten —te a r 


in tPAm 3 

m in tte 


TABS 3 

te late teMfteor JappAy ctena&ofiatioa 


S^Wi fMM 
MKfe&£ 

Plate 

im MkMmh ft 

vmJAm 

fXPo 

lUaate 

a teltep 1 

nlki 

XUteMMil 

35* 

tf.a 

1820 

1,47 

8.54 

m 

79.2 

2820 

1*97 

2.54 

M 00 

5M 

1820 

1.34 

2.54 

xoo 

25*0 

2820 

.52 

2.54 

( 0 ) tern 

r lapte te patent 

an 



ttnpowM 

► nndJMdM fti %fc» 

pwnrate 

n natei only te otelnaMt tern 

Mte pawn nvUi te aaaaoonl 

i MtaviMvivlMilfy tfc ttt 

oatpte. tela 


i aapMNMte ate ante te boot loop oatfaate tek ndl te note mo 

tete T par «te of ten porar nan Ante tteaap ater mm (1*i*> W par 
tete of te pomr nan aratlahln to ten pn a natera ). 

Qi:pdct r 
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Furthermore it vu not possible to estimate, except orudely, what tho 
relative power division was between the two sources. From geoaetrie 
footers, it appeared that the division sight be approximately three- 
quarters to one-quarter between the plate and filament supplies. On a 
peak power basis, the division appeared to be 0.70 to 0.30. The latter 
figure will be adopted# 

Thus the source power for the two oouroes is assumed to bet 

TABU 4 


Total 

Total 

Power in 

Fewer in 

Fewer 

Souree Power 

Hate 

Filament 

watta 

watta 

watts 

watts 

350 

325 

228 

97 

300 

279 

195 

84 

200 

186 

130 

56 

100 

93 

65 

28 


(D) Heat aouree temperature 

Study of the various temperatures measured in the high temperature 
uree eore (See Fig. 6) euggeeted that the following tabulated values 
re the lowest temperatures found in the mere. 


TABES 5 


Total Power "Souree* Temperature 
watte °0. 
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Hmn valuta should bo intorprotod u tho lnwost aoum 
if tho gncrtter it to bo ahargod with its olostrisal insulation fiw tha 
n«M. In this oaso, tho insolation scuudsts of a thin layor of slightly 
arariod oioa intorposod batons* tho ooro and tho thoroooloaonts* Tho por- 
fUTtnat af tho thonoolanaats thoosolvos sro not astiaatod hors* 


(K) Gold sink flip sms taro 

Tho varaost tosqporaturo on tho gold roooivwr si do vat found in tho 
oxit oalorinotrie tooling wator. If it worn sasunod that a boat sxahango 
in aooordanoo with tho logorithaio tamparaturo difforonoo took pi t oo, than 
tho offootivo sink taqporatwro (i.o., again an offootivo sink tooporaturo 
bagrond olootrieal insolation) oould bo ostinatod from thro* mtw tsoparor* 
turns (ontranoo, aiddl*» oxit) to bo tho valuta shown in Tahlo 6* Tho so 
toaporaturos wars all vary noarly tho oxit wator taoporatwra. 


TABLE 6 


Input Povor 
watts 


•Sink" Tooporaturo 
°C. 

33.0 

31.5 

28.0 

20.5 
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tSSOBBTIOiL AQiT-TaTfl Of QgMBfiATOR PARiMKXBSS 


Xoffo glroo tho follovtog onolyola of tho goaorotori Tho hoot povor 
flroo tho oouroo* Q* io g Low by 




&r • hoot troaof orro4 hf oonduailon 
“ jm Poltior hoot oboorbod by tho hot jpaotion 
■ ooo-holf tho JbOlo hoot psoduood la tho 
thorooo l o oont vhioh la roturnod to tho oouroo 


& 


% • I<*1 - to) 


{ 9 t hi liil londgot mt 


Tj. - 9 tooporoturo difforonoo* oouroo to olak 

Ql * "isti 


0 s aooa thorool oof ooofflolont 

1 m thoroooloaont ou r ron t 
Tx « oouroo toaporoturo 


I - 


i(Yx * To) m tho thoroeolootrlo oof 
r * latorool roolotoaoo of gonorotor 
R • oxtoraol load oonaootod to gonorotor 


Thuo 




V. 


Tho uooful povor* V, dollvorod by tho goaorotor io 


W*I e ft 


w = 

(R.+ rr 
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Froa thiN tus relations for ths sours# heat flux and delirared alaetrio 
powr, tha temdual roltage-extaraal mlatuM ehsraotarlstio of tha gea- 
•rotor uy b« darlred as f olio vs i 

W s ▼*/* 

T a tsrainal sol tags 

\/_ A (J 

Y- R+t 

A sritieal first tost of the adsquaey of the loffs analysis asy bs 
hod by testing ths o s ns ta noy of tbs thsraoslsstrls potential vlth varying 
povsr. la Fig, 9, srs plots of 1/T versus 1 /R froa tbs data la Totals 2, 

Slavs 



linearity at sonstaat teaperaturs would dsasnstrats tbs oonstansy of 
r (• r 0 ) sad tbs es&stanay of a, Within tbs sxpsriaantal error, tbs data 
indlsats linearity, Ths iaporta&t information to bs gainsd froa Fig, 8 is 
tbs iadflLsatsd sonstsasy. This is not too surprising bsoauds this leap is a 
Tory lov sffioianoy dsviss (l.s., sffisiaaoias of ths ordsr of 1-2*) so that 
tbsrs is littls rsdistrlbutioa of tsapsraturs das to ths pas sags of surrsat, 
Ths aost that oould bs oonoludsd froa ths data is that orsr ths tsapsraturs 
rang* tsstsd (or ossa tsapsraturs rungs tested), tbs rsslstaaos is a nsg- 
ligibls function of tsapsraturs, and ths thsraoslsotrlo potential nsarly so, 
Ths fslloviug rsfinsd data thus result froa Fig, 8 sad 9, 

TABUS 7 

Suaaary of Kiss trio Ghsraotsrlstiss 


A, Plato Supply 
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SenLnol 
Total favor 
watte 

Actual 

favor 

watte 

Source 

T *r 

Sink 

Mean 

Temp. 

°0. 

Temp, 

Q|ff. 

6 c. 

Beaiatenee 

ohms 

Mean 

Theraoeleetrlo 

Ooefflalent 

folta/°0. 

350 

228 

,306 

33 

170 

273 

3850 30 

.3601.004 

300 

195 

254 

31.5 

143 

222.5 

1850 

.356**004 

200 

130 

184 

28 

106 

156 

1850 

.348-. 006 

100 

65 

97 

20.5 

59 

76.5 

1850 .336* 006 

Average ,35 ±.015 



B, 

filament Supply 



350 

97 

306 

33 

170 

273 

2.52 .03 

.00691.0001 

300 

£4 

254 

31.5 

143 

222,5 

2.52 

.00881.0001 

200 

56 

184 

28 

106 

156 

2.52 

.00861.0002 

100 

28 

97 

20.5 

59 

76,5 



If now we add tha previous eatimated aendaotaae# of 1.21 vatta/oG. 
total or 0,85 vatt*/*C. for tho plat# supply (70 %) t and 0,36 watta/®C. for 
tbo filament supply (30*), it now beeoaea possible to ootlnato tho figwro 
of aorlt, Zg, for tho generator aa a whole, 

Zg e «*/& 

Strictly thla dace net permit aeseaament of tho point valne of Zg, bat 
only igo, wfaoro Zgo i« dofinod b y 


Z 


3 ° 


'X. 




c o 


Howoror, wo have ahown, to tho aoeoreey meaaured, that a does not dopond 
on current and la a email or negligible function of temperature, and that 
r is almost certainly a eonetont. Thus 

Z. a> = t £ C 
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WRET 



Q m Kdl-te) 

ttU mrt to i W1 «n tti Mtiai v«te «f X im lwd Hr atMMVftaf 
V* tt— tl iM HMa flu mun mn mm U Hi ww «tt» Oft* m I— I 
wfttton. Hu IX U wrwt and «OU to nb «n«f tb MbMMi 

ft* tft {Onto aftptyr art 0.36 vrtu/ft. fftr ft* 
fll M tl iplyn nipni . lb b ib ilf tot Apt f —11 4Bto ft— 
ftmn b Stott* ft. 


taw ft 


flfnrto «f Mnrlt 

A. ttftnafttfr 


ftaftatt 

WKttft 

lb» 1ft*. 1 

XT If 

QfaM 

» Hm 

tftMM2*ftftb 

CtotCEUftft 

vttt^O. 

wftA. 

fifn tf 

SS?4 

m 


273.0 

2050 

•366 

0.63 

•fftftttUT* 

J0O 

24ft 

222.9 

2850 

.354 

0.85 

.081 

200 

20ft 

234.0 

2850 

•348 

0.85 

•on 

200 

ft 

74.5 

2050 

M 


M9 

.BP 

.nuf 9 


ft. 


270 

273.0 

2.52 

•0089 

0.36 

•887*10* 

24ft 

022.5 

2.52 

.0088 

0.36 

•084 

204 

254.0 

2.52 

.0086 

0.36 

•08ft 

ft 

74.5 

0.52 

to 

jODM 

IWft «wt 

0.36 

.060 

"o mSBn 
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Ami data tn ahoun la Fig • 10 aa tha flgura of aarit aa a fan at i oa 
of aoaa toaparatura. Ona augr ooneluda from Fig, 10 that tha flgura of 
aarit haa a alight taaparatura dapandanaa, falling within tha band afaown* 
or haa no taoparatura da pan da naa , falling within tha largar wneartainty 
band abown (i.a., 0. 078x10**% O.OlOxlCT 3 OffT 1 ). 
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BBQsasns 

M flni (IfM of Mrti Mqr mi fits la* (M. ( 

•*£). pMtioaltflr ifiMI to MtopwjAn oormatij 
toywWi M la i mowIi aU oiw tho iwl4 (taUT#, JalCT*, J.WTV 
•Mi *» Mko tin awfeora mi ■0Mlinfw> i no mat no to that 

tha lowar Heart aaw oa po ai a to aa offlalaoar of tho «*r of aw or two 
fir oaat aa* raproaoota tba vhola g — orat or rathar thoa tho ol— ito 
t h a aa a lto o i oh a raaa tho r oaoar ah flgaroa OMtoapooi to afflaiaoahoi to 
tho taao of oar oaot far tho a— oat almaata* 
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Stowing fin elaoplng syrntm «t enld junatlonn, 
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Cut Away Sketch 
Exact internal structural 
details are Unknown. 
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SCHEMATIC OF GENERATOR TERMINALS 


Experimental loading of generator was made with the plate and 
bias supply in series — terminal No. 1 to terminal No. 5— giving 
nominally 99 volts (as recommended in the Instruction Booklet 
when the 9-volt bias is not separately required). 


FIG. 4 
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TEST SKTDP 

Cooling tin mlttone rooovod tron four flno to show 
•rroogonont of ■orloo-oonaootod uator-oooling tuboo 
tfcroodod through oold Junotion fin olaapa 


FIO. 6 
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GENERATOR AND LOADING CIRCUIT OF TEST SETUP 



A. Plate Circuit 

Rv is negligible 
R a is negligible 
I/V = lAv + l/R* 

V = E - Ir A l/R (effective) - i/V - l/Ry 4- l/R x 

B. Filament Circuit 

I/V = l/Ry + l/(R x fRw) 

V = E - I(r + R a ) 



FIG. 


7 


::cret 
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VOLTAGE-CURRENT CHARACTERISTIC OF BA (WITH "C" SUPPLT IN SER IE S) GENERATOR SUPPLY 
AT SPECIFIED NOMINAL TOTAL INPUT "THERMAL" POWER 


P Ro 

Watts Volts Qhma 


350 

97.8 

1820 

300 

79.2 

1840 

200 

55.2 

1860 

100 

25.0 

1770 



1820 Av, 



.oz 

Amperes 


FIG. 8a 
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VOLT AGE-CURRENT CHARACTERISTIC OF A-GENERATOR SUPPLY 
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B+ GENERATOR SUPPLY (WITH "C" SUPPLY IN SEWBS) 


P 


a(Ti-T 0 ) Ti-To 

*P L 

100.0 273 

80.0 222.5 

55.6 156 

25.7 76.5 


Average 

r . 1850 ohma+,30 ohms 
a > 0.35+0.015 TOlts/°C. 


FIG. 9a 
25 


^ -M»l O ^ NU .OOOf ,0004 
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A- O5HERAT0R SUPPLY 


r o+ P 2 *70 ohas j r c 4 > R» = 4.75 
R a b 0 «i 21 ohaa 

P *(Ti-T 4 ) Ti-Tf 0 i 
Malla Yoits/oc^ Vc 


3^0 

; 2.44 

273 

.00894 

.00905 

300 

jl .96 

222.5 

.00881 

.00885 

200 

1.35 

156 

.00866 

.00859 

100 

.52 

76.5 

.00680 

.00680 


Average 

r ■ 2 , 54 i *03 ohms 
l s 0 . 0084 i.Q 006 volts/°C. 


4 . 


FIG. 9b 
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